Abstract If antiretroviral refill adherence could predict non-retention in care, it could be clinically useful. In a retrospective cohort study of HIV-infected adults in Philadelphia between October 2012 and April 2013, retention in care was measured by show versus no-show at an index visit. Three measures of adherence were defined per person: (1) percent of doses taken for two refills nearest index visit, (2) days late for last refill before index visit, and (3) longest gap between any two refills. Of 393 patients, 108 (27.4 %) noshowed. Adherence was higher in the show group on all measures with longest gap having the greatest difference: 40 days (IQR 33-56) in the show versus 47 days in the no-show group, p \ 0.001. Yet, no cut-points of adherence adequately predicted show versus no-show. Antiretroviral adherence being associated, but a poor predictor of retention suggests that these two behaviors are related but distinct phenomena.
Introduction
Human immunodeficiency virus (HIV) infection has been transformed from a uniformly fatal disease to a manageable chronic infection with life expectancy approaching that of HIV-uninfected individuals [1] . However, optimal outcomes are limited to those who successfully navigate the HIV care continuum: HIV diagnosis, linkage to care, retention in care, initiation of and adherence to antiretroviral therapy (ART), and HIV viral suppression [2, 3] . Barriers to each step exist to varying degrees in different settings [4] [5] [6] [7] . Recent data indicate that of the 1.1 million Americans infected with HIV, 82 % are aware of their diagnosis, 66 % are effectively linked to care, 37 % are retained in care, and 33 % are prescribed ART [3, 8] . Given drop-offs at each step of the continuum, only a relatively low proportion of HIV-infected individuals achieve viral suppression [3] . If persistent, this lack of suppression leads to progression of disease, emergence of drug resistant virus, and death in individuals, while contributing to the spread of HIV infection in communities [9] [10] [11] .
Adherence to ART is the factor most directly related to sustained virologic suppression [12, 13] . Retention in regular outpatient care is also associated with virologic suppression, prolonged life, and lower rates of transmission of infection and HIV-related complications [2, [14] [15] [16] . Retention in care is a quality of care measure by federal agencies, healthcare quality organizations, and the National HIV/AIDS Strategy for the United States [17] [18] [19] [20] [21] . Currently, early prediction of non-retention in HIV care is difficult given the long time period needed for most retention measures (6-12 months) [18] . Because of this time lag, the events that drive a patient out of routine care may begin many months before an individual is discovered to be out of care. The longer the period between inciting events and attempts to reengage patients in care, the higher risk they are for complications of HIV [22] . Recent work has shown that there is no clear gold standard for measuring retention in care, and that measures including missed visits, operationalized in multiple ways, performed similar to other measures [18, 23] . Just a single no-show, as well as failure to meet other retention in care measures, has been demonstrated in multiple studies to increase mortality risk among HIV patients [16, 24] .
We hypothesized that pharmacy refill measures of adherence could serve as an early proxy of retention in care. Because refills are commonly obtained monthly, refill non-adherence can be detected on a shorter time horizon than non-retention in care. If non-retention was identified early via refill non-adherence, then refill non-adherence could be used as a trigger for interventions related to both adherence and retention behaviors. In this study, we evaluated whether ART refill adherence differs between patients who do and do not exhibit non-retention behavior and whether refill adherence can serve as an early marker of non-retention in HIV care.
Methods

Study Design and Population
We retrospectively evaluated HIV-patients who were already successfully linked to care at the Jonathan Lax Treatment Center of Philadelphia FIGHT, an urban, Ryan White funded, HIV primary care clinic in Philadelphia between October 2012 and June 2013. This site was selected because a large proportion of patients use a single pharmacy for all ART refills. Patients were included in the study if they were (1) C18 years old, (2) prescribed ART during the study period, and 3) had C2 clinic visits at least 4 weeks apart at any point before the refill data window. The third criterion was to ensure enrollment of patients already effectively linked to care since our goal was not focused on using refill data as a measure of linkage to care. Patients were excluded if their ART refills were automatically mailed to them, since variability in refill adherence is not detectable in this scenario. Potential study subjects were also excluded if their prescription was for [30 day supply since our goal was to test whether short-term refill adherence could be used as a marker of later non-retention. The study was approved by the Jonathan Lax Treatment Center of Philadelphia FIGHT and the University of Pennsylvania Institutional Review Boards.
Measures
The primary outcome was attendance (show or no-show) at an HIV primary care index visit. The index visit was defined as a scheduled HIV primary care appointment with an HIV physician, nurse practitioner, or physician's assistant that occurred between October 2012 and June 2013. Scheduled visits to meet with non-prescribing nursing or laboratory staff were not eligible to be index visits. Noshow was defined as a scheduled visit that was missed but not cancelled or rescheduled by the patient prior to the visit. A 150-day period preceding the index visit date was then captured to measure refill adherence, and was chosen to allow sufficient time to examine refill adherence metrics of varying lengths. Refill adherence was calculated for a single antiretroviral (''index drug'') a priori selected by the following algorithm: (1) protease inhibitor, or if none, (2) non-nucleoside reverse transcriptase inhibitor, and if neither used, (3) an integrase inhibitor. Refill adherence to the index drug was defined using three metrics ( Fig. 1): (1) percent of doses taken (30 day supply/days between fills) 9 100 % for two fills closest to index visit and (2) number of days late for last refill before index visit, and (3) the maximum number of days between any of the fills in the 150-day period prior to the index visit (''longest gap''). Thus, the complete refill data window began 150 days prior to the index visit.
Sociodemographic and clinical variables were obtained via medical chart abstraction. Age was recorded at time of index visit. Race was categorized as black, white, and other; ethnicity as Hispanic and non-Hispanic. Gender was categorized as male or female. HIV transmission risk factors were grouped into heterosexual transmission, men who had sex with men (MSM), injection drug use (IDU), and other/unknown. Patients who had IDU in combination with another risk factor (e.g. MSM transmission) were classified as IDU. AIDS diagnosis was categorized as ever or never diagnosed. Entry CD4 count and log 10 viral load were defined as the CD4 and viral load values nearest to the start of the 150-day window before the index visit. Final CD4 count and log 10 viral load were defined as the values nearest to the index visit, either before or after.
Statistical Analysis
We used Wilcoxon rank sum tests and Chi square tests to compare the show and no-show groups on continuous and dichotomous variables, respectively. We used multivariate logistic regression to control for potential confounders including age, race, gender, AIDS diagnosis, and HIV risk factors in comparing refill adherence measures between the show and no-show groups. Confounding was declared to be present if the point estimate of the association between refill adherence and no show changed by [15 % when the potential confounder was included in the models.
To evaluate the discriminative ability of the refill adherence measures for visit attendance, we constructed receiver-operator curves (ROC) across all possible cutpoints of the refill adherence measures [25, 26] . The corresponding area under the curve (AUC) was calculated for each refill adherence measure. We also assessed sensitivity, specificity, and positive and negative predictive values at cut-points chosen to maximize each test characteristic. We compared the AUC for each of the refill adherence metrics to determine if one had superior accuracy to predict index clinic visit attendance. We plotted the probability by show versus no-show groups at each refill adherence percentage and used Lowess smoothing to give a best approximation of the relation across refill adherence percentages. A plot of proportion of the population represented by the show versus no-show groups at each value of refill adherence metric was constructed separately for days late for last refill before index visit and longest gap.
Analyses were performed using SAS software (version 9.3; SAS Institute). All tests of significance were 2-sided, with p \ 0.05 used as the threshold of statistical significance. 3 ) and the median entry viral load was 1.3 log 10 copies/ml (IQR 1.3-1.7). Table 1 displays the baseline characteristics compared between the 285 (72.5 %) who showed and the 108 (27.5 %) who no-showed for the index visit. The only characteristic that was statistically significantly different between groups was black race, with more no shows among black patients than other racial groups (p = 0.046). Table 2 displays the different refill adherence measures and their relation to visit attendance including: percent adherence, number of days late for last refill before index visit, and the longest gap. Overall, the show group had higher refill adherence with 93.8 % doses taken (IQR 75-100 % doses) versus 80.0 % doses taken for the noshow group (IQR 53.6-100 %, p = 0.005). Fewer than half of the no-show group and fewer than a quarter of the show group were late for refills on the index date. Although the median number of days late for both groups was 0, the distribution of days late was substantially higher for the noshow group (IQR 0-18, range 0-120) than the show group (IQR 0-0, range 0-120), and the difference was statistically significant (Wilcoxon rank sum test p = 0.003). There was also a significant difference in median longest gap for patients who showed (40 days; IQR 33-56) Fig. 1 Adherence metrics: (1) percent of doses taken (30 day supply/days between fills)*100 % for two fills closest to index visit and (2) number of days late for last refill before index visit, and (3) the maximum number of days in between any of the fills in the 150-day period prior to the index visit (''longest gap'') compared to those who no-showed (47 days; IQR 38-69, p \ 0.001). Figure 2 displays the proportion of the population represented by the show and no-show groups by percent adherence (a), days late for last refill before index visit (b), and duration of the longest gap between fills (c). As percent adherence increases, the probability of being in the show group increases, while the probability of being in the noshow group decreases. As days late for last refill increase, the probability of being in the no-show group increases. Similarly, the probability of being in the no-show group increases as the length of gap between fills increases. Table 3 displays the test characteristics, based on observed values, for the three different refill adherence measures and their associations with index visit attendance. For percent of doses taken, the AUC was 0.60 (95 % CI 0.54-0.67, p = 0.001). The sensitivity was 55.6 % and specificity 69.1 %, utilizing the cut point that maximized 
Results
Discussion
In this retrospective analysis, non-attendance to clinic occurred in slightly more than one quarter of all participants in our cohort. Across all three refill adherence measures, we demonstrated that there are refill adherence differences between the show and no-show groups. These results suggest that ART adherence and clinic visit attendance are related phenomena.
Our results are consistent with prior studies of the association between retention and clinical outcome. Studies by Lucas et al. and Yehia et al. found retention in care to be a strong determinant of virologic suppression [5, 15, 27] . Since ART adherence is the main determinant of virologic suppression, it is likely that non-retention operated via its association with refill non-adherence. In a study in the Veterans Health Affairs Medical System, Giordano et al. demonstrated that for every quarter in a year without an HIV clinic visit, Veterans' likelihood of death increased substantially [2] . While other behaviors such as substance abuse may have directly caused both non-retention and death, it is also likely that the non-retention was associated with refill non-adherence and subsequent virologic failure to partly explain the deaths. Studies of non-retention in similar settings in the United States have also demonstrated high rates of missed visits and non-retention in care [24, 28] .
Despite the association between refill adherence and visit attendance, the differences in magnitude of each refill adherence measure were relatively small, and the discriminant ability of these measures to categorize patients as likely to show or no-show to appointments was poor. The principle challenge of all three refill adherence measures in Fig. 2 is that there is no cutoff value where the probability of being in the show or no-show group is so certain that we can accurately declare whether the individual will show or no-show. This makes prediction of a patient's future clinic visit attendance difficult.
One possible explanation may be that two different subgroups are represented in the no-show group. One subset may include patients doing well on medications and thus have little incentive to attend clinic. In a 2013 study by Dombrowski et al., patients with higher nadir CD4 counts were less likely to be engaged in continuous HIV care [29] . Thus, lack of perception of threat to health in those continuing to take their medications may result in no-show. Their perception may in fact be accurate since the impact of no-show on their health is likely to be substantially less than for patients with lower counts. Yet, they do miss other potential benefits from regular clinic attendance such as screening for sexually transmitted infections and ongoing counseling regarding safer sex and other health related behaviors such as substance use. In contrast, a more important group to target for interventions may be patients who both struggle with refill adherence and no-show for clinic visits. Here, the non-attendance may reflect more systemic challenges to maintaining self-care. If this subgroup can be better characterized, refill adherence may be a stronger predictor of no-show in this group and permit early implementation of interventions to prevent nonretention.
It is important to recognize that interventions targeted to the good refill adherence and suboptimal refill adherence subgroups that no-show would by their nature be different. For the good adherers who no-show, clinicians might need to address motivation to still attend clinic visits for ancillary medical care while for the poor adherers who no-show, evidence-based tools such as Managed Problem Solving would be needed in addition to any retention-related intervention [30] . Consistent with previously published works, black individuals in our study sample were more likely to noshow as compared to other races [28, 31] . We did not assess health disparities such as socioeconomic status, insurance status, or mistrust of the medical system, nor did we assess barriers faced by individuals with respect to clinic attendance, which may influence this finding. Yet, our finding reinforces the challenges of sustaining virologic suppression in minority racial and ethnic groups. Further investigation into specific barriers for retention in this group is needed.
Our study has several limitations. First, the study population was limited to those using the pharmacy affiliated with the clinical site, which may not represent the full spectrum of patients who receive care there or the general population of individuals for whom refill adherence and clinic visit attendance are important issues. However, this clinic serves a relatively poor and marginalized patient population, which is likely representative of the urban HIV epidemic. Second, we did not capture refill data from outside of the Lax Center affiliated pharmacy system, which could cause participants to be misclassified as having reduced ART adherence if they filled prescriptions intermittently elsewhere. We would expect misclassification of refill adherence to bias the difference in refill adherence between the show and no-show groups toward then null and weaken the predictive ability of adherence to identify no-show. Despite this possibility, we still found large differences in refill adherence between the show and no-show groups. If multiple pharmacy use adversely affected the test characteristics of prediction of no-show, we would still conclude that contacting pharmacies to identify future no-shows is not a useful strategy since it would be too cumbersome to implement in settings with commercial pharmacies. Finally, misclassification of refill adherence behavior is possible since we determined adherence indirectly (i.e., via pharmacy refill data rather than directly observed). However, the method we are using has already been shown to correlate with a biological measure of treatment success and therefore must to a degree capture the variability between subjects in their adherence behavior [32] . Additionally, non-attendance at a clinic visit may not fully represent non-retention in care since patients may have missed visits, but planned b Fig. 2 a Probability of show versus no-show at each adherence percentage, using Lowess smoothing approximation. Adherence was calculated by percent of doses taken (30 day supply/days between fills)*100 % for two fills closest to index visit. Some subjects filled more than once within 30 days, resulting in adherence [100 %. Upper limit cutoff of 120 % was set. Circles represent observed adherence values for individuals who no-showed. Triangles represent observed adherence value for individuals who showed. As percent adherence increases, the probability of being in the show group increases and no-show decreases. b Proportion of total sample, by show and no-show groups, for number of days late for last refill before index visit. As the number of days late for a patient's last refill increases, the probability that a patient no-shows to index clinic visit increases. c Proportion of total sample, by show and no-show groups, for maximum number of days between any of the fills in 150-day period prior to the index visit (''longest gap''). As the longest gap between fills increases, the probability that a patient no-shows to index clinic visit increases to reschedule for a later date. Yet, 'no-shows' have been strongly associated with non-retention in other studies [18, 24] . This study has important implications for the HIV care continuum. We provide evidence that ART adherence and clinic visit attendance, a marker of retention in care, are strongly related constructs, but are not superimposable. Thus, next steps for research on interventions to improve HIV outcomes should attempt to clarify the separation between refill adherence and retention in care from a livedexperience perspective. This study serves as proof of concept that early warning indicators might be available, which incorporate tracking of pharmacy data for being late for refills to increase the chance of identifying individuals in need of retention interventions for upcoming visits. However, in order to be practical for implementation, future studies may need to combine pharmacy refill data with other characteristics to predict who will be lost to care and to intervene at the time their barriers are most pressing. AUC area under the curve, 95 % CI 95 % confidence interval, PPV positive predictive value, NPV negative predictive value
